Kubo formula is used to get the d.c conductance of a statistical ensemble of two-dimensional clusters of the square lattice in the presence of standard diagonal disorder, a uniform magnetic field and random magnetic fluxes. Working within a one-band tight-binding approach the calculation is quite general. The shape of the cluster is rectangular with ideal leads attached to opposite corners. Both geometrical characteristics and physical parameters can be easily selected. The output is just the conductance of a system of given parameters or a statistical ensemble of conductances measured for different disorder realizations. Section 7.9 of the Program Library Index 
of conventional diagonal disorder or random magnetic fluxes through the plaquettes and a uniform magnetic field through the sample can be considered as needed.
Method of solution
The calculation of the Green function of the system formed by the quantum dots and the leads is the main concern of the program [2] . Firstly, the selfenergy due to a semiinfinite ideal lead is calculated. Secondly, this selfenergy is used as the starting value for an iteration through the sample that takes into account its shape and local disorder and magnetic fluxes. Thirdly, the final selfenergy is matched via a two-slab Green function calculation with the selfenergy coming from the opposite sample side. Finally, Kubo formula is used for obtaining the system conductance from the current traversing the dot.
Restrictions on the complexity of the program
The more important restriction is the use of just a one-band tight-binding Hamiltonian. Other program characteristics, like the rectangular shape of the sample, the position of the leads near opposite sample corners, etc. can be easily changed.
Typical running time
The calculation of the conductance at a fixed Fermi energy for ten random realizations of 100 × 100 disordered samples takes 225 seconds on a DECstation 3000 Model 400. [2] The following book by Datta gives a good account of both the basic concepts and the practical things that should be solved to get the conductance of a mesoscopic system, S. Datta, Electronic Transport in Mesoscopic Systems, (Cambridge University Press, Cambridge, 1995).
References

LONG WRITE-UP
I. INTRODUCTION
This paper deals with the numerical calculation of the conductance of a two-dimensional system via Kubo formula 1 which is the standard microscopic approach to the problem. It has been proved that it is equivalent to the more intuitive point of view of expressing the conductance as a sum of transmission coefficients over channels 2 . Actually, a transmittance calculation for a disordered square lattice has been implemented as an example of the use of the block recursion method 3 . Both measurement and calculation of the conductance of mesoscopic systems is an important issue in the study of their physical properties 4 . The calculation is as realistic as it is possible within present computer facilities. Actually, the main limitation of the program is just the consideration of a one-band tight-binding Hamiltonian. In principle, this one-orbital per site basis can be enlarged within the present scheme. The necessary effort makes only sense when simulating a particular physical system. On the other hand, the one-band tight-binding basis can also be seen as the first approach to free electrons moving in two-dimensions. Certainly, the lower part of the band shows a quadratic dispersion relation.
Following well-known formalisms 5, 6 , the system includes both a transversal uniform magnetic field and a random component giving variable fluxes through the plaquettes. Conventional diagonal disorder is also considered for completeness. Further possibilities like other kinds of non-diagonal disorder are absent but would be easily incorporated if necessary. Also size of the sample, shape, number of modes transported by the leads can be tuned at convenience. Again further complications like the inclusion of more leads of different widths or going to a tunneling regime in the contacts between sample and leads only imply minor changes in the computer code. In order to keep the program understandable, I have left such kind of modifications for the readers. Another interesting generalization is the calculation of three-dimensional conductances. This has been actually done in the study of manganites 7 .
II. LATTICE MODEL
The system is composed by a left ideal lead allowing up to m modes, an L × M cluster and a right ideal lead similar to the left one. Leads are semiinfinite and are connected to opposite corners of the rectangular dot by ideal contacts. Sites form a subspace of the whole square lattice. The Hamiltonian describing the quantum system is:
whereĉ i,j † creates an electron on site (i, j), ǫ i,j are random diagonal energies chosen with equal probability from the interval [−W/2, W/2], and −t is the hopping energy. Sums in j depend on the local width M i which is m for the leads and M for the dot. The flux through the lattice loop which left lower corner is i, j is given by:
measured in units of flux quantum Φ 0 = hc/e. Uncorrelated fluxes are randomly selected with equal probability from the interval [−φ max /(2π), φ max /(2π)]. A transversal uniform magnetic field h ⊥ is easily incorporated adding to all Φ i,j within the sample the number of quantum fluxes traversing any plaquette of the dot (h ⊥ a 2 /Φ 0 , a being the lattice constant). With this gauge choice, when the system is solved layer by layer, the matrix giving intralayer hopping is constant while the interlayer coupling includes all effects due to the magnetic field. Both disorder and magnetic fluxes are restricted to the dot, that is, have non-zero values for 1 ≤ i ≤ L. It is also implicitly assumed that the number of modes (width) of the leads m is smaller than or equal to the dot width M . Nevertheless, a constriction (i.e., the m > M case) can be similarly handled.
III. D.C. CONDUCTANCE VIA KUBO FORMULA
In order to study the linear electric response of the system, an electric potential profile should be assumed. The simplest possibility is just a stepwise potential: all dot and right lead sites (i ≥ 1) are shift by an electric potential energy equal to −eV whereas left lead sites (i < 1) remain at 0. This choice defines a position operator:
and the corresponding perturbing Hamiltonian:
where a simple cosine time dependence is included. H 1 produces transitions among the stationary eigenstates of the system and a time dependent current develops. If the charge at the right part of the system is defined by:
the charge traversing the sample per unit time, i.e., the current through the system is given by operatorÎ that obeys the following equation of motion:
Therefore, the current operator is the velocity operator apart from a constant:Î = −ev x . Using the total Hamiltonian of the system H = H 0 + H 1 and the equation of motion forx, the first important result is obtained:
This equation shows that the knowledge of the charge flux in the contact between the left lead and the sample is enough to evaluate the total current through the system. Of course, the result comes from the flux conservation along the whole system. Now, first order time-dependent perturbation theory is used to get the time evolution of the stationary eigenfunctions 1 . The mean value of the current is:
where Ψ α are the perturbed eigenfunctions and f α their occupation. A straightforward but tedious calculation gives the linear electric response of the system:
being G the system conductance. To arrive at this formula, the basic relation between the matrix elements of position and velocity operators implied by the equation of motion (5) has been used:
Former conductivity calculations based on Kubo formalism used Eq. 8 to calculate the static conductivity 8 . Nevertheless, direct use of Eq. 8 leads to a lot of numerical troubles since eigenvalues are discrete for isolated samples and the conductance is obtained as a sum of delta functions. This fact forces the use of some averaging procedure over finite ω values that distorts the final static (ω = 0) value.
When Green functions are used instead of eigenfunctions to express the conductance, a more convenient form of the Kubo formula at T = 0 is obtained:
where Im G(E) is obtained from the advanced and retarded Green functions:
and the energy E is the Fermi energy of the system. Traditionally, the static electrical conductivity σ xx was calculated 9 . It coincides with G in a two-dimensional system. Conductance is given in units of e 2 /h which is the quantum conductance unit. The trace in Eq. 10 is dimensionless since the energy dimension of ihv x is cancelled by the inverse energy dimension of the imaginary part of the Green function.
Eq.10 shows that Green functions is the last ingredient needed for the calculation of the conductance. Actually, only Green function matrix elements at slabs i = 0 and i = 1 are necessary owing to the simple form ofv x (see Eq. 6) and the presence of the trace. This feature dictates the method for choice in the Green function calculation. Starting from the right end, the selfenergy of the ideal right lead is obtained, then iterated through the sample layer by layer, and finally, connected to the selfenergy coming from the left ideal lead (which in fact coincides with the right lead selfenergy). The equation defining the iteration is obtained from Dyson equation for the Green function 10 and has the following form:
This allows the calculation of Σ i−1 once the former selfenergy matrix and the intralayer V i,i and interlayer
matrices are known. After iterating the right side from +∞ to 1 and the left side from −∞ to 0, the needed Green function matrix elements are given by:
where H is the matrix representing the layer 0 plus layer 1 system Hamiltonian and Σ l(r) (E) stand for the left (right) selfenergy matrices. Alternatively, instead of iterating the ordered ideal leads, one can analytically solve the problem in the basis of the transversal modes 6 . Later on, a basis transformation provides the desired selfenergy matrices. Specifically, the retarded selfenergy due to the mode of wavevector k y at energy E is given by:
within its band (|E − ε(k y )| ≤ 2|t|) and by:
outside the band (minus sign for E > ε(k y ) + 2|t| and plus sign for E < ε(k y )) − 2|t|), where ε(k y ) = 2t cos(k y a) is the eigenenergy of the k y mode which is quantized:
i y being an integer from 1 to m. The transformation from normal modes to the local tight-binding basis is obtained from the amplitudes of the normal modes:
where n y is the tight-binding orbital position. The elements of the retarded selfenergy matrix are thus:
Advanced Green function matrix elements are obtained as the transposed complex conjugate elements of the retarded Green function matrix elements. Kubo formula (Eq.10) shows that sincex operator is chosen dimensionless, the hopping integral t appears twice in the numerator and also twice in the denominator of the trace. Consequently, its value is irrelevant in the conductance evaluation and can be set equal to 1 within the computer code for simplicity. Apart from the iterative calculation of lead selfenergy and a bit more restrictive geometrical set-up, the paper by Lee and Fisher 11 seems to be the first application of the formalism presented in the last two sections.
IV. PROGRAM STRUCTURE
The structure of the program is extremely simple. Subroutines are not necessary. Hard work is done by state of the art inversion subroutines. An enumeration of the main program steps followed by a simple explanation is enough for its understanding.
After reading the input and logging it for further reference, both the intralayer matrix interaction V i,i (which does not depend on i owing to the gauge choice) and the lead eigenvectors (Eq. 16) are initialized. For a given Fermi energy E, selfenergies are calculated in the eigenvectors basis using Eqs. 14 or 15 and transformed to the tight-binding basis using Eq. 17. The resulting selfenergy matrix is called tt within the program. Here, we arrived at the main part of the calculation: selfenergy matrix is iterated from right to left through a randomly generated sample that incorporates the desired disorder. Once the selfenergy is known at the left side of the sample, it is matched to the lead selfenergy coming from the left by Eq.13. This allows the evaluation of the imaginary part of the Green function via Eq. 11 and the use of Kubo formula for the obtaining of the conductance (see Eq. 10) that is the only program output (Conductance is written in units of the quantum unit e 2 /h). Notice that the multiplication by the matrix representing the velocity operator in the local tight-binding basis (Eq. 6) is done without building explicitly the very sparse matrix. The calculation of the conductance is repeated the number of times that are necessary for the knowledge of the statistical behavior of the conductance due to disorder. Of course, the step is not repeated when disorder is absent.
The heavy part of the computational work is just the inversion of a large number of matrices of moderate size. It is achieved by external calls to LAPACK subroutines that are conveniently adapted to the hardware configuration. If not belonging to the machine software, they are available via Internet (http://www.netlib.org).
A portable simple version of a generator of pseudo-random numbers is included within the distributed source. This allows to check the distributed sample results. Nevertheless, a better generator should be used in the working version of the program. Notice that the generator included within the source code has a maximum period of 259200 which is really insufficient when a good disorder statistics of large samples should be obtained. In any case, let me remind that the seed of the generator should be smaller than im, i.e., smaller than 259200.
V. INPUT AND OUTPUT
Input parameters have all a simple physical meaning. They are given in Table I . Output is just the conductance as a function of the parameters (Fermi energy, for example) that are varied within the external do loops of the program. Conductance is given in units of its quantum e 2 /h.
VI. TEST RUN
Input and output files corresponding to three typical calculations are included in the distribution. The first one gives the conductance of a small cluster in the presence of a uniform magnetic field. It is obtained as a function of the Fermi energy. This run does not use the pseudo-random numbers generator. The second one studies the effect of disorder. One hundred samples are randomly generated and their conductance calculated. The third one shows the effect of geometric parameters. While the two previous runs deal with a highly symmetric system (32 × 32 cluster attached to leads of the same width), this case gives the conductance for a less symmetric dot.
One additional test is also possible. Conductance is an integer when disorder is absent and leads perfectly match opposite rectangle sides. It gives just the number of open (conducting) channels (modes) in the leads.
The same fortran code has been compiled and run on a Pentium II in a Linux environment using g77 and local inversion subroutines. Results do not differ from the given output samples. 
